/2S//X. 



Name of 




Running Machine- 



English Translation of 
Yamagata PCT Pub. No. 81/01960 




Detailed Explanation 



Technological Field: This Invention deals with Improvements in a 
running machine having an endless belt which retrogrades due to 
the movements of the runner. 

Technological Background: This exercise mechanism was developed 
principally for the purpose of Increasing leg strength- As 
universally used its structure Is generally made up of rollers 
on mounted parallel axes horizontally opposing one another at 
front and rear, an endless belt wound around these under 
tension, and a flat roller arrangement with the rollers 
positioned closely adjacent to one other for the purpose of 
supporting the underside of the running surface; the user, that 
is, the runner, grasps handles or railings Incorporated into the 
support base. In addition, there are those in which the running 
surface, inclined toward the front, is caused to move in a 
retrograding fashion through the component force of the runner's 
weight and are equipped with damping devices making low speed 
movement possible- Next, of those having a similar basic 
structure, there are some in which the running surface is driven 
by an electric motor, in which case the runner synchronizes his 
speed with that of the running surface. 

As a whole, their degree of utility for hygienic, training 
and medical purposes is great, and many patent applications have 
been filed for Improvements of their various parts. Among 
these, within the range we have surveyed, are two, No. 51-105567 
and No-53-145568, In which the purposed Improvements are similar 
to those of this Invention. 

Concepts of the Invention: In the first of the three types 
described in the previous section, there is little chance of 
Incorporating movement of the upper body since It Is necessary 
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for the runner to grasp the handles or railing while in 
operation* In the next one it is possible to Incorporate 
movements of the upper body, but fundamentally there is no 
freedom of velocity of movement. In contrast to these, the 
electrically driven machine al lows running movements involving 
the whole body, but the runner must run while synchronizing his 
speed with a speed determined in advance and even though the 
velocity of the running surface were to be automatically 
controlled by using the displacement of the runner, there would 
be lags in control, making It necessary for the runner to be 
proficient In the operation of running and, If the acceleration 
and deceleration In speed that the runner selects are great, It 
inevitably would be necessary to Increase the length of the 
running surface. 

This invention, eliminating the above described problem 
areas, presents a running machine in which the intrinsic effect 
of a running movement involving the whole body can be 
anticipated such that the posture of the runner incorporates the 
movements of the upper, body as with normal surface running while 
allowing safe running at fixed speeds, including accelerations 
and decelerations in speed optionally selectable by the runner. 
(Hereafter, In this detailed explanation normal surface running 
will be expressed as such and running by means of the running 
machine will be expressed simply as running. In addition, the 
word approximation will be used to express the idea of an 
adjacent or approximately close level.) 

To express running In dynamic terms, it is a phenomenon in 
which the runner moves along relative to the surface as a 
reaction produced by means of the stamping or springing action 
of the runner against the surface; a portion of the release of 
physical strength is converted to dynamic kinetic energy for the 
purpose of accelerating the mass which the runner possesses. 
While the velocity Is a continuous repetition of accelerations 
and decelerations in speed, the goal is the maintenance of a 
fixed velocity; dynamically, however, efficiency is 



conspicuously poor and this manifests Itself as the kinetic 
ef f ect . 

In the running machine having an endless, retrograding belt 
(hereafter abbreviated as machine), with the pelvic/abdominal 
region, which constitutes the mobile center of gravity during 
operation, centrally located on the running belt, if free 
movement is maintained in the up/down and left/right directions 
in relation to the support base and elastlcally supported 
In the forward/reverse direction such that strength is Increased 
with the increase In motion, then it is possible for the runner 
to Incorporate the movements of the upper body as with normal 
surface running without the need of grasping handles in his 
hands* However, with this alone footing would be unstable and 
smooth operation could not be obtained. In order to realize 
stability, there must be a transfer of kinetic energy between 
the runner's shoes and the running surface, which is necessary 
for the purpose of accelerating and decelerating and also for 
maintaining a fixed speed as with normal surface running. 

As a countermeasure , we produced a supposition regarding the 
possibility of a machine which could provide a sensation of 
running approximating that of normal surface running by means of 
structuring the machine movement system so that the value of 
kinetic energy retained in the endless belt and the movement 
system driven by It approximates the value of kinetic energy 
retained by the runner during normal surface running when an 
equivalent speed is applied to the belt during use of the 
machine; and, as a result of putting this Into effect, we 
confirmed that our supposition was correct. It is possible, In 
addition, to express the condition of approximation of kinetic 
energy as the inertia of the machine movement system 
approximating the inertia of the runner as seen from the axis of 
rotation of the machine movement system (condition of 
approximation of Inertia). 

The purpose of elastic supports is to temporarily 
accumulate and then to release kinetic energy accompanying 



accelerations and decelerations In speed by the runner and to 
function effectively In stabilizing running and improving the 
sensation of running. 

As a property of normal surface running, it is anticipated 
that distance will be increased as the runner Increases his 
velocity. Consequently, it is necessary that consideration be 
given to a structure in which there Is a minimum loss of energy 
consumed in the belt and the movement system driven by it. The 
materials and structure of the belt, which forms the running 
surface, and methods of supporting moving parts are of 
particular importance in the reduction of energy loss and the 
improvement of feeling of the running surface. As a result of 
experimentation, in one structure suitable for actual use, 
rollers are installed In front and rear, an endless belt is wound 
around these and support rollers in an array are arranged in 
close proximity to one another under the belt running surface in 
what would normally be called a conveyor belt configuration. 
When the running surface Is a belt, beginning with resistance 
due to the flection of the belt at the front and rear rollers, 
energy loss produced as a result of the runner's shoes sinking 
in between the support rollers through the belt is unexpectedly 
great. An example of a countermeasure is described later as an 
actual exampl e . 

Next, it is possible to provide a running surface having an 
even more satisfactory feeling with a structure which does not 
depend on a belt. This structure, commonly called a slat 
conveyor configuration, is one in which treadboards of like 
shape, narrow in the direction perpendicular to that of the 
direction of movement, are coupled together at their ends by 
roller chain and then, linked together into an endless 
configuration, are wound around sprocket wheels at front and 
rear; the underside of the chain rollers which is the running 
surface is supported on smooth rails. The sensation of the 
tread surface Is of exceptional quality and, assuming it is 
appropriately constructed, It is also possible to decrease 



energy loss. 

To continue, the following is one of the conditions of the 
main components of this invention (condition of inertia 
approximation) described in terms of a kinetic energy equation. 



Mass of runner: 

Running velocity of runner: Vj 

When, in using the machine, the belt is driven at a 
velocity equivalent to that of , then: 



Mass of machine rectilinear 

movement system: M 2 
Velocity of machine 

rectilinear movement system: V 2 
Moment of inertia of machine 

rotational movement system: I 
Angular velocity of machine 

rotational movement system: w 



It is therefore possible to express it in the following 
terms: 

\ M 1 V 1 2 ** > k M 2 V 2 2 + > 2 Iw2 ' 

Satisfaction of the above approximation equation is what 
affords stability to the effectiveness of this invention; in the 
left-hand member, the condition is the weight of the runner and 
the right-hand member Indicates content of the retention of 
kinetic energy in the movement system of the machine. In the 
later-described actual example no.l, applying numerical values 
to this equation we arrive at the following numerical value in 
terms of percentages in the case of a runner with a body weight 
of 60kg. : 



100 ~ 4 + 116 % 



As above, In the majority of cases the right side Is the 
second member; among those, the main constituent Is made up of 
those resulting from the flywheel effect. In this connection, 
there are those retrogradlng-type machines on the market In 
which flywheels are Installed, and If we were to apply numerical 
values as above to one example, we would find: 



100 > 2 + 6 % 

In which the value of the right-hand member is conspicuously 
small. This is a case in which stationary portions are grasped 
by the hand while running and the results are to be expected 
since the intention is different. Even so, In the case of the 
actual example, the reason why such a disparity should be 
produced in the second member is the effect resulting from 
the coupling of a speed increasing mechanism to the roller axis 
and affixing a flywheel to its high-speed axis for the purpose of 
increasing the effects of accumulated energy. Inertia is 
proportionate to the square of the ratio of acceleration when 
mass and the radius of rotation are equal: and in this 
invention, if reduction of overall weight of the machine Is to 
be sought, a speed increasing mechanism and flywheel inevitably 
become essential. The previously described condition of inertia 
approximation, however, has quite a wide range. For example, a 
machine structured to match a runner having a body weight of 
60kg. can also provide stable operation for a child of 32kg. In 
the above equation, if the values of the left and right members 
are made equal, then theoretically it becomes possible to 
provide a sensation of running equivalent to that of normal 
surface running, even if the mobile center of gravity of the 
runner is fixed in the longitudinal front-to-rear direction. In 
this invention, since the mobile center of gravity of the runner 



is elastically supported, there is no hindrance in running even 
though the ratio between the right and left members of the above 
equation are be greatly divergent* According to 

experimentation, stability in running at fixed speeds improves 
as the above ratio exceeds a value of 1; exceeding a value of 2 
brings about a sensation of artificiality in acceleration and 
deceleration. Since sensation differs according to the runner, 
numerical limitations are difficult, but even with a movement 
system of low efficiency a value exceeding 0.5 Is satisfactory, 
and the upper limit varies greatly with the spring constant of 
the elastic supporters allowed by the length of the running 
surface. Consequently, it would prove convenient In running if 
its composition were such that the flywheel effect would change 
automatically by making it a structure in which that effect 
could be easily altered, by coupling to the displacement of 
the runner or by other means. 

It Is effective in this machine to have a load applying 
apparatus for the purpose of carrying out intensified running 
activity; its structure can be easily achieved by means of any 
kind of known technology. 

Next, the incline by which the front of the running surface 
is elevated to compensate for mechanical loss of the machine in 
the actual example described above and to maintain a natural 
running posture is 1/50. In this condition and with a running 
meter attached, as a result of comparing former and latter data 
of continuing a planned amount of running everyday for a period 
of approximately three months and thereafter carrying out normal 
surface running, we were able to confirm that the effect on the 
improvement of the runner's constitution was equivalent to that 
of normal surface running. 

However, power consumed In running 3m/sec In the above 
actual example Is shown at calculated values to be 35W. We have 
a running load several times greater since, in contract to this, 
normal surface running on a horizontal surface consumes a few 
watts. As previously described, the runner anticipates 



lengthening his distance by running; and, though we exhausted 
every means in methods for decreasing mechanical loss of the 
machine, we determined that rather than seek means for further 
structural improvements a solution by means of the following 
method would be simple and more economical . 

The means for achieving a running effect close to that of 
normal surface running is the Idea of compensating through 
electromotive force that portion corresponding to the energy 
loss consumed by the machine movement system and making the 
principal constituents of the structure, such as the structure 
of the running belt, method of supporting the running surface, 
elastic support of the runner, ratio of retention of inertia of 
the runner and machine, etc*, equal to that of the original 
form. At a glance, this seems to resemble the electric motor- 
driven type, however, the capacity of the motor is smaller since 
it is attached to a machine of basically different structure. 
An electric motor of large capacity in motor-driven types Is 
considered to be good for maintaining stability during 
operation, but with this invention it Is preferable that the 
torque of the electric motor be a marginal value where 
mechanical loss can be compensated; not only would a motor of 
large capacity be costly, It would also require a high degree of 
precision in torque control . 

In regard to the characteristics of this electric motor 
including its control system. Judging from its purpose, it is 
ideal that it be a D.C. motor or other means which can regulate 
output torque patterns in response to changes in the weight of 
the runner and characteristics of machine velocity/mechanical 
loss; however, giving consideration to the universality of the 
machine and in order to save trouble In maintenance, we used a 
single-phase induction motor which can be operated on household 
current and were able to obtain a machine providing a 
exceptionally good sensation of running having a simple control 
apparatus. The control necessary for the compensation of 
mechanical loss of the machine is electric motor torque control, 



however, in the end result, speed control of the running belt Is 
also acceptable. In regard to the elements of belt speed 
control, It can be easily structured by means of any method, 
such as by means of a movement distance sensor which senses 
changes In the center of gravity of the machine accompanying 
displacement or other means, and can be such that transmission 
output is altered accompanying displacement of the runner from 
the central location (elastic support mean point). Using any 
method, the speed at the central location is considered to be 
zero and control increases speed fol lowing displacement . An 
example of this is presented later as an actual example- As an 
extreme example for the purpose of making the control system 
concise, with a control system the main constituents of which 
are a switch and a variable resistor, It is possible to obtain 
as a result a sensation of running which is adequately 
satisfactory by merely controlling the motor by means of opening 
and closing the switch. Even by simplifying the control system 
to this extent, the reason that the machine fulfills its 
function is because the runner and the movement system of the 
machine are set at inertia values of the same level; both of 
these are considered to result from closed loop characteristics 
obtained through the frlctional coupling of the soles of the 
shoes with the running belt and the elastic coupling of the 
mobile center of gravity of the runner with the support base. 

In this invention the purpose of the electric motor is to 
produce the torque of that portion which compensates loss. In 
analyzing the torque found in machine loss, we find two main 
types, moving the belt under no-load conditions and running 
resistance which changes due to the weight of the runner. Since 
the former can be considered generally uniform and the latter 
can be considered to be generally proportionate to body weight, 
as a result, a smooth-running torque motor having maximum torque 
at medium speeds allowing the regulation of torque due to changes 
in the weight of the runner Is appropriate. Utilizing a 
single-phase torque motor of medium resistance which could 



provide the characteristics required, we were able to obtain 
results which were fully satisfactory- The torque approached 
required compensation values at medium speeds and correspondence 
to changes in the weight of the runner could be achieved through 
Increasing or decreasing the voltage supply* 

Next, taking advantage of the previously described machine 
characteristics, we examined the possibility of mechanical loss 
compensation by means of variable-speed electric motors; and as 
a result of actual operation, we found that the running 
sensation was satisfactory if their maximum torque was in a 
range less than machine loss compensation values and confirmed 
that running which corresponds to the acceleration and 
deceleration characteristics of the electric motor was ful 1 y 
possible If the runner were able to switch in a speed setting 
device prior to running or matching the running speed intended 
during operation. 

In addition, the machine possesses flexible characteristics 
in relation to the control of the electric motor, as described 
above, and it is possible to obtain numerous combinations of the 
electric motor and the control apparatus utilized through known 
technology- Furthermore, it goes without saying that it is 
allowable to use an electric motor the capacity of which greatly 
exceeds that required as long as the control apparatus is 
reliable. In relation to torque compensation values, In order 
to provide operation which is stable and safe, the compensation 
value can be lowered at low speeds, approach the required value 
at medium speeds and again at high speeds compensate 
incompletely- Through over-compensation it is also possible to 
force the runner to be compelled to run. 

Next, the make-up of the running belt, the attachment of 
the flywheel, etc., are exactly the same when an electric motor 
is attached as in the case described earlier from page 3 line 16 
through page 6 line 7, but in regard to inertia, it is necessary 
to determine ratios of the electric motor and including all 
moving parts which Interact with it. 



When an electric motor Is attached, It Is simple to provide 
a forced load through the effect of electric generation damping 
resulting from the supply of direct current to the stator 
wl ndlngs. 

With the above, we complete our explanation of the 
composition of the machine. The conceptualization of this 
Invention has as Its goal a machine which allows free and 
arbitrary operation by the runner by means of elastlcally 
supporting the mobile center of gravity of the runner within the 
machine framework; other incidental conditions are means for 
obtaining ideal efficiency. 

Previous paragraphs of this section deal with the 
compensation of electromotive force, which has been achieved in 
a generally complete form; machines not dependent on electric 
motors, however, also have great value In utilizing for purposes 
of their own. The mentality of desiring to run Is something 
that humans fundamentally possess, and group marathons, which 
continue to develop year after year, are a representative 
example of this. This invention, which allows the Incorporation 
of movements of the whole body in the use of retrograde- type 
running machines, which have a long history, provides the effect 
of whole body exercise, an essential part of normal surface 
running, and. In addition to health maintenance and training, it 
also has extremely great value as a machine which lends 
assistance In running. 

A Simple Explanation of the Diagrams: 

Fig. 1: Overview of the overall composition, illustrating 

the principles of Actual Example No.l. 
Fig. 2: Partial overview of the rollers. 

Fig. 3: Lateral cross-sectional view of a machine employing 
rol lers. 

Fig. 4: Overview of the overall composition. Illustrating 

the principles of Actual Example No. 2. 
Fig. 5: Block diagram of an electric motor speed control 



system. 

Fig. 6: Lateral view of a machine which controls speed 
through changes In the center of gravity. 

Fig. 7: Block diagram of an electric motor speed control 
system. 

The Most Ideal Configurations for Realizing this Invention: 
Giving reference to the diagrams, we will give an explanation of 
the actual examples. Fig. 1 Is an overview Illustrating the 
overall composition of Actual Example No.l for the purpose of 
explaining the principles of the Invention. The illustration 
was made with the various parts mutually separated In order to 
Improve understanding, but the actual machine Is unified In a 
compact manner allowing for safe operation. The front and rear 
rollers 1,2 and the support rollers 3 are supported on the 
support base 5 In a manner allowing them to be very easily and 
lightly driven by the endless belt 4. An apparatus for 
tightening the belt 4 and an apparatus which has the ability to 
regulate the degree of. Incline of the front end of the running 
surface are installed In the support base 5. Flywheel 7 Is 
coupled to one extremity of the axis of front roller 1 through 
speed Increasing mechanism 6. Belt 8, girdling the pelvic 
region of the runner. Is linked to the support framework 10, 10' 
by means of rubber straps 9, 9'; and the runner can move his 
whole body freely with his pelvic region as center. 

The above is a general outline of the make-up of the 
mechanism, but detailed consideration Is necessary In regard to 
each of the parts of which It Is composed. We will now give an 
explanation of the actual examples, including their record of 
performance . 

As already described above, for the purpose of decreasing 
mechanical loss and the unpleasant sensation of the runner's 
shoes sinking in between the support rollers 3, it Is necessary 
to forcefully Increase tension of belt 4, requiring a resistant 
force corresponding to this. If It Is too thick, however, there 



is an undesirably great mechanical loss due to flection at the 
front and rear rollers 1,2. As a result of experimental use 
of various materials, we found that a 1.2mm vulcanized surface 
layer of synthetic resin over a core of synthetic fiber canvas 
provided comparatively good results In the actual example having 
rollers of 100mm diameter. 

When the running surface is composed of a belt, the support 
rollers 3 are an essential part influencing the performance of 
the machine and their selection can greatly alter its 
efficiency. It is necessary to arrange them as closely together 
as possible In order to decrease mechanical loss and improve 
the sensation of the treading surface. Smal 1 -dl ameter rollers 
are arranged in close proximity to one another in order to 
achieve that end; there are, however, also limitations in 
strength, and even more satisfactory results can be obtained by 
means of the following method. Fig. 2 is an partial overview 
illustrating the support rollers as gyrating rollers and Fig. 3 
is a lateral cross-sectional view illustrating the principles of 
the composition of a. machine utilizing such rollers. The 
structure Is such that shafts are provided in both extremities 
of 18mm diameter roller 21; chain roller 22, linked end to end 
and fitted into this, is wound around sprocket wheel 24 of 
common axis 23 Installed in the front and rear of the running 
surface; the under surface of the running portion is supported 
by the smooth fixed plate 25. Since in principle the runner's 
weight is supported directly by the fixed plate through the 
medium of the rollers, it is possible to make the rollers of 
small diameter and the sensation of the treading surface is also 
good; however, it is Important to give due consideration to 
selection of materials and manufacturing precision for the 
purpose of decreasing noise. 

The best method for Improving the sensation of the treading 
surface Is to make the running surface a plane surface, and we 
produced an experimental model of a running belt of a 
configuration commonly called a slat conveyor. The running 



surface was formed by bringing together In close proximity hard 
wooden material with a dimension of 25mm In the direction of 
movement linked together Into an endless configuration by roller 
chain having a pitch of 25.4mm such that the lower extremity of 
their line of union met the center of the roller axis; the 
under surface of the roller chain which Is the running portion 
was supported on smooth rails. As anticipated, the sensation of 
the treading surface of this actual example was extremely good. 
We found, however, that running resistance was great when plain 
bearings were utilized as chain roller bearings and solved 
this through the use of ball bearings. We also found that in 
this case, too, it was necessary to prevent the occurrence of 
noise through such means as the use of synthetic resins as 
materials for the rollers, etc. In addition, there is no 
necessity for a flywheel If the weight of the running be 1 1 
approximates that of the runner. 

The necessity of the speed increasing device 6 and flywheel 
7 and their technological content are as described In detail In 
the section referred to as "concepts of the Invention." In this 
actual example we were able to obtain a mechanism of 
satisfactory efficiency without the occurrence of noise by 
means of a rubber belt with teeth on Its Inner surface which 
intermeshes with two toothed pulleys. We adopted the method of 
attaching a circular ring as required by necessity In order to 
regulate the effect of accumulated energy of the flywheel 7. It 
Is Ideal to have a highly efficient stage-less speed Increasing 
dev Ice . 

Next, since the rubber straps 9, 9', which as elastic 
supporters are an essential element of this Invention, extend 
their Influence on the running sensation. It Is necessary to 
select ones which are appropriate. They have a normal length of 
40cm and a spring constant of O.lkg/cm, and good results can be 
obtained with an Interference range of the tension of the 
straps of 20cm front and rear . In order to prov lde stabl 1 1 ty 
and prevent deviations to the side while In operation, the left 



and right tie-down points on the support framework are widened 
somewhat, effectively providing resistance to side deviations by 
the runner. 

As a damping device for the purpose of Intensified 
activity, we carried out experimentation on methods of pressure 
contact on the flywheel 7 by frlctional material, methods of 
producing Inductive current in the flywheel by means of powerful 
permanent magnets, etc., all of which were effective. 

With the above we have completed our detailed structural 
explanation and continue with an explanation regarding methods 
of usage. As previously described, even though mechanical loss 
of the machine were decreased to the utmost, since a resistance 
to running in the range of 2 - 2.5% is applied in relation to the 
weight of the runner, posture tends to deteriorate when used on 
a horizontal surface. Consequently, the sensation of running is 
good when used with the frontal section Inclined to an extent 
that counterbalances this rate of resistance. In cases where the 
running surface Is a belt which is supported on rollers, 
mechanical loss of the machine is decreased If running shoes 
having somewhat stlffer soles are worn. In the actual example 
according to Fig. 1, a speed of 12km/hr with a stride of 45cm 
was easily obtained. Since the effective length of the running 
surface is 90cm, this means that the feet of the runner are in 
the air out of contact with the running surface In the same 
manner as with normal surface running. 

The following Is an explanation regarding the configuration 
of a method of compensating mechanical loss by means of 
electromotive force. Fig. 4 Is an overview illustrating the 
overall structure of the actual example for the purpose of 
explaining Its principles. Since the part numbers 1 - 10 
described in Fig. 1 correspond entirely in terms of content, 
structure and purpose to those of Fig. 4, the explanation will 
be abbreviated by adding the letter / a / to these symbols and 
confining our explanation to newly added parts. Electric motor 
42 Is coupled to the high speed axis of the speed increasing 



mechanism 6a through the speed changing device 41. Tension 
sensor 43 is centrally affixed to the crossbeam which crosses 
the upper portion of the support framework 10a; this is linked 
to the pelvic belt 8a by means of line 44. Next is an 
explanation of the apparatus which controls the speed of 
electric motor 42. Fig. 5 is a block diagram of the speed 
control system, which is made up of the tension sensor 43 and 
the voltage regulator 45; the load side is connected to the 
electric motor 42 and main switch 46 is in the electrical 
supply side. 

Since a description of the general outline of the structure 
has been given with the above, we will now give an explanation 
regarding the details of each part. The structure of the speed 
changing device 41 Is made Identical to that of the speed 
Increasing device 6a; and the rotor of the universal single-phase 
100V condenser motor 42 is treated and given medium resistance 
torque characteristics such that, with the characteristics after 
improvements are made, It produces a torque of approximately 
0.03 ksf ~ m at 1800 rpm, with operation at 50Hz, 80V. At this 
rpm, the speed of belt 4a is set at approximately 3m/sec. The 
line 44 Is a narrow rubber tube. 

The tension sensor 43, as a differential transformer of 
coarse precision, provides output to the trlac of the voltage 
regulator 45, whereby torque of the electric motor is produced 
which is roughly proportional to tension and by selection so 
that full voltage is applied at a displacement of 100mm, an 
extremely natural sensation of running can be obtained. 

We have already explained that the dynamic characteristics 
of this machine are extremely expedient for the purpose of 
simplifying electric motor properties and control apparatus; 
from among other actual examples constructed with the goal of 
simplifying the control apparatus, we will give an explanation 
of methods which are simple and which afford good results. 
Fig. 6 is a lateral view illustrating the principle in which the 
fluctuation of the center of gravity of the machine accompanying 



the displacement of the runner Is regarded as the control 
element, and Fig. 7 Is a block diagram of the control system of 
the electric motor. The machine Is supported by bearing 62 and 
compressed spring 63, which are affixed to base 61, and Is 
constructed so that forward portion rises and falls with the 
displacement and springing action of the runner. The switch 64, 
affixed to the base 61, is opened and closed by the pushrod 65, 
affixed to the front portion of the support base 5a In such a 
manner that It can be vertically regulated. In the control 
circuit, the variable resistor 66 Is connected In parallel with 
the switch 64 and the load side of electric motor 42 Is 
connected to the power source through the master switch 46. 
Regulation of the action of the switch is such that the switch 
is open when the runner stands In the center and closes when 
the runner moves toward the front and is configured through the 
selection of the response disparity between the open and closed 
positions and the size of the compressed spring 63. 

As described previously, since there are times while running 
when both feet are off of the running surface, the switch will 
be repeatedly opening and closing at each step and since the 
time interval of electrical connection will be roughly 
proportional to the displacement of the runner, a favorable 
sense of running can be obtained in spite of the fact that the 
control apparatus is simple. The variable resistor 66 Is 
effective in the smooth operation of the rotor and for the 
purpose of regulating the effects of torque compensation due to 
the weight of the runner. When the displacement of the runner 
Is taken as an element, even a simple control system such as 
this will satisfactorily stand up to actual use. 
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(57) Abstract 

Running machine which can move in the same man* 
ner that the entire body and limbs move to run, and run at a 
high speed including acceleration and deceleration selected 
by a runner, and incorporates an endless movable belt mo- 
ving backwardly as the user runs, in order to safely obtain 
the running exercise effect. This machine consists of first 
means for longitudinally elastically supporting the runner's 
abdomen or waist at a supporting base to thereby apply the 
motion of the upper body to the machine, and second 
means for limiting the ratio of the runners inertia to the me- 
chanical exercise system's inertia to a predetermined range 
to thereby stabilize the running exercise. In order to render 
the running feeling close to that of natural running, the me- 
chanical loss of the mechanical exercise system is reduced 
to as great an extent as possible. Compensating the residual 
mechanical loss by an electromotive force is practical and 
economical. 
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